Objectives: To determine if highly active antiretroviral therapy (HAART) with combination anti-hepatitis B virus (HBV) therapy compared to HAART with HBV monotherapy leads to greater HBV DNA suppression in an HIV/HBV coinfected cohort.
Introduction
Approximately 10% of HIV-infected individuals worldwide are chronically infected with hepatitis B virus (HBV). HIV co-infection increases the risk of developing liver disease-related (LDR) complications including endstage liver disease (ESLD) and hepatocellular carcinoma [1] [2] [3] . The introduction of effective HIV therapy has resulted in a marked reduction in AIDS-related mortality and consequently, liver disease from HBV and hepatitis C virus (HCV) has emerged as a leading cause of morbidity and mortality in HIV-infected patients [4] . Thus, it is important to optimize anti-HBV therapy in HIV/HBV coinfected patients, especially as HIV therapy is being escalated in areas of the world with the greatest HBV endemicity, such as Africa and Asia.
In HBV monoinfected patients, successful HBV therapy can reduce the risk of developing LDR complications [5, 6] . Since these complications are difficult to monitor during therapy, recent recommendations have advocated for an undetectable HBV DNA as a treatment goal [7] . With the recent expansion of anti-HBV therapeutic options, this goal is attainable in a majority of patients; however, in both HBV monoinfected and HIV/HBV coinfected patients, little is known regarding the choice of agent(s) that maximizes the chance for reaching undetectable HBV DNA and minimizes the risk for developing drug-resistant HBV. Current guidelines recommend the use of tenofovir (TDF) and emtricitabine (FTC), or TDF and lamivudine (LAM), as the nucleos(t)ide reverse transcriptase inhibitor (NRTI) backbone of antiretroviral regimens in HIV/HBV coinfected individuals, that is combination anti-HBV therapy [8] [9] [10] [11] . However, the superiority of TDFcontaining combination therapy to TDF monotherapy for HBV has not been definitively demonstrated in any patient population. Indeed a multicenter European study in 2006 suggested HBV virological responses to be similar in antiretroviral naive patients treated with combination LAM/TDF to those treated with sequential TDF monotherapy [12] .
In order to test the hypothesis that combination anti-HBV therapy is more likely to suppress HBV DNA, we studied an international HIV/HBV coinfected cohort that was designed to prospectively study liver disease in the era of highly active antiretroviral therapy (HAART). Since the majority of the patients were on an anti-HIV regimen that was active against HBV (HBV active HAART) at study entry, we performed a cross-sectional study to determine whether combination HBV-active HAART regimens were superior to others in terms of HBV DNA suppression.
Patients and methods
Study patients HIV/HBV coinfected individuals from three established cohorts, one in the United States and two in Australia, were enrolled from October 2004 to October 2006, with plans for prospective follow-up. Eligibility criteria included documented HIV infection as determined by the presence of HIV antibody, documented positive hepatitis B surface antigen (HBsAg) on two occasions separated by a minimum of 6 months with at least one of these occasions prior to initiation of HAART, on HAART or expected to start HAART within 1 year of enrollment, known date of HAART initiation if taking HAART at enrollment, and documented HIV and HBV treatment history prior to enrollment. The only exclusion criterion was having chronic hepatitis C, which was defined as HCV antibody and HCV RNA positive.
Overall 122 HIV/HBV coinfected patients were available for this study as follows: (1) The United States patients were participants in the Multicenter AIDS Cohort Study (MACS), which is an ongoing observational cohort study of HIV infection in men who have sex with men (MSM) and has been fully described elsewhere [13, 14] . Participants were recruited into MACS in three phases (1984-1985, 1987-1991, and 2001-2003) All patients gave informed written consent at entry to the cohort, and the study was approved by the relevant Human Research Ethics Committees in the United States and Australia.
Cohort data collection and specimen retrieval Baseline data collection included details on demographics, prior and current antiretroviral or other HBV-active therapy, HIV and HBV-related clinical events, Child-Pugh stage, and previous liver biopsy data. Laboratory measurements at study entry included alanine aminotransferase (ALT), aspartate aminotransferase (AST), international normalized ratio (INR) or prothrombin time, hemoglobin, white blood cell count, platelets, hepatitis B e antigen (HBeAg), hepatitis B e antibody, HBsAg, and HCVantibody using commercially available assays. HCV RNA was determined in HCV antibody-positive patients using the standard available PCR test at each site. HBV DNA testing was also obtained using the method described below. Liver biopsy was not mandated but was performed during the first year of study enrollment in 21 patients. One pathologist scored all of the biopsy specimens. Two methods of noninvasive fibrosis assessment using serum biochemical algorithms, the AST to platelet ration index (APRI) score [15] and FIB4 score [16] , were calculated on all patients.
Virological testing
HBV DNA quantification HBV DNA was determined using the RealART TM HBV LC PCR (QIAGEN) according to the manufacturer's instructions, as previously described [17] . The linear dynamic range of this assay is approximately 20 IU/ml to 4 Â 10 9 IU/ml. In the MACS cohort HBV DNA quantification was undertaken using the methods outlined above or, in some instances, the COBAS Amplicor HBV assay, which was performed according to the manufacturer's instructions. The dynamic range of this assay is 5 Â 10 2 to 2 Â 10 5 c/ml (approximately 100-40 000 IU/ml). For this analysis, we used 100 IU/ml as the lower limit of detection, which was the lower limit of the COBAS.
PCR amplification and sequencing
Full genomic length HBV DNA was amplified from the extracted DNA according to the method of Gunther et al. [18] . The amplified product was purified using PCR purification columns from MO BIO Laboratories Inc.
(Carlsbad, California, USA). The HBV polymerase (Pol) gene was sequenced using the full-length HBV amplicon as template with Big Dye terminator Cycle sequencing Ready Reaction Kit Version 3.1 (Applied Biosystems, Foster City, California, USA).
Sequence analysis
HBV consensus sequences were constructed using the ABI Prism SeqScape DNA sequence analysis program Version 2.1 (Applied Biosystems). HBV genotype and unique HBV mutations are identified using the webbased program SeqHepB [19] .
Statistical analysis
Analyses were performed using graphical displays of the data and descriptive statistics [e.g. mean, standard deviation, median, interquartile range (IQR)], and univariate statistical associations were assessed using the Pearson chi-squared, Wilcoxon Rank Sum, and Kruskal-Wallis tests, as dictated by the data. Ordinal logistic regression (OLR) methods were used to assess the association between HBV DNA level and HBV therapy regimens adjusted for the following study entry cofactors: age, current HAART use, HIV RNA, CD4 cell count, duration of HIV infection, ALT, HBV genotype, and HBeAg positivity. The HBV DNA level outcome variable was stratified into three levels for the OLR analyses: undetectable (<2.0 log 10 IU/ml), low to moderate (between 2.0 log 10 and 6.3 log 10 IU/ml), and high (greater than 6.3 log 10 IU/ml). We fit a series of univariate, bivariate, and multivariate OLR models to identify the cofactors that were consistently associated with HBV DNA level while simultaneously satisfying the proportional odds assumption. The final model includes cofactors found to be independently associated with HBV DNA level and satisfies the proportional odds assumption. All statistical analyses were performed using SAS 9.1 (SAS Institute, Cary, North Carolina, USA). P-values less than 0.05 were interpreted as indicating statistical significance.
Results
Demographics, HIV-related parameters, and antiretroviral use The 122 patients from the two continents were similar in age, body mass index (BMI), sex, HIV risk factor, and time since HIV diagnosis ( Table 1 ). Although the majority of patients were Caucasian (70%), the MACS were nearly half (46%) African-American, whereas the Australian cohorts were 10% Asian. At study entry, 60% of patients had a history of significant immunodeficiency, defined as an AIDS-defining illness or a nadir CD4 cell count less than 200 cells/ml. The median HIV RNA level was less than 400 copies (c)/ml, and the median CD4 cell count was 438 cells/ml (range 19-1080 cells/ml). One hundred and two patients were on HAART at baseline with a mean duration of 6.8 years (range 1.1-10.3 years) and nearly all (98%) were LAM experienced. The majority (89%) were currently on HBV-active HAART (i.e. therapy including one or more of LAM, FTC, or TDF), 11 patients were on HAART that did not include any HBV-active drug, and 20 patients were on no HAART at all. Of patients not on HAART, eight were antiretroviral naive, 11 had previous ARTexperience but were not currently taking therapy, and 1 was on a dual nucleoside only regimen.
In the 91 patients on HBV-active HAART, the HBV component included 49 (54%) receiving combination therapy of TDF with FTC or LAM (92% on TDF/LAM combination), 31 (34%) receiving LAM or FTC as monotherapy, and 11 (12%) taking TDF monotherapy. Baseline differences between patients by HBV-active therapy are given in Table 2 . Not surprisingly, the group on no HBV-active HAART had a higher median nadir CD4, higher median HIV RNA, and less previous LAM experience than the groups on HBV-active HAART.
Generally the three HBV-active groups were comparable with regards to demographics and HIV-related parameters.
The total median cumulative exposure to LAM or FTC was similar in patients currently taking either of these drugs, irrespective of whether in combination with TDF or as monotherapy. Likewise, both median cumulative TDF exposure and median duration on current regimen were almost identical between patients on TDF 1710 AIDS 2009, Vol 23 No 13 monotherapy and patients on TDF in combination with LAM or FTC, suggesting no major inequalities between these two groups in length of time on treatment.
HBV DNA
The majority of participants (57%) had HBV DNA less than 100 IU/ml (2 log 10 IU/ml) at study entry, whereas 25% of the participants had HBV DNA greater than 20 000 IU/ml (Fig. 1) . As expected, the median HBV DNA in the 20 patients not receiving HAART (7.2 log 10 IU/ml) was significantly higher than in those patients receiving HAART (median HBV DNA <2 log 10 IU/ml, P ¼ 0.0006). However, median HBV DNA in the eight patients on non-HBV-active HAART did not differ significantly from those on HBV-active HAART (2.1 log 10 IU/ml vs. <2 log 10 IU/ml, P ¼ 0.18).
In both the combination therapy group and the FTC/ LAM monotherapy group, the median HBV DNA was less than 2 log 10 IU/ml, whereas the median HBV DNA in the TDF monotherapy group was also low but detectable at 2.9 log 10 IU/ml (range <2 log 10 -9.2 log 10 IU/ml), despite the similar durations on current therapy ( Table 2 ).
The proportion of patients with HBV DNA less than 2 log IU/ml was also higher in the combination group (77%) compared to the LAM/FTC monotherapy group (55%) (P ¼ 0.08) and the TDF monotherapy group (30%) (P ¼ 0.006) ( Table 3) . Importantly, the proportion of patients with HBV DNA in the highest strata (>20 000 IU/ml) was significantly lower in the combi-nation group (4%) compared to the non-HBV-active group (54%), the LAM/FTC monotherapy group (31%), and the TDF monotherapy group (30%) (P < 0.0001) ( Fig. 1) . In an OLR model, monotherapy with either TDF or LAM remained independently associated with higher HBV DNA, as did HBeAg positivity and detectable HIV RNA (Table 4) .
HBV sequencing HBV Pol sequencing was possible in 37 patients with detectable HBV DNA. Mutations were identified in 15 (41%) with 10 having the classic mutation rtL180M þ rtM204V, four having the triple mutation rtV173L þ rtL180M þ rtM204V, and one having the rtL180M þ rtM204V þ rtT184A, a mutation associated with entecavir (ETV) resistance. No patient had mutations known to be associated with resistance to TDF. As expected the majority of these mutations were identified in the LAM/FTC monotherapy group (data not shown), but the cross-sectional nature of the data and the small numbers involved means that further interpretation of the data at this stage is limited. Ongoing longitudinal follow-up of these patients will allow more detailed exploration of the significance of these mutations and their relationship to therapeutic response. median HBV DNA (<2 vs. 3.4 logs, P < 0.0001) than the HBeAg-positive group. However, HIV-related characteristics (nadir CD4, baseline CD4, HAART duration) were similar between the groups. There was a trend for more patients in the HBeAg-positive group to have had exposure to TDF (66 vs. 47%, P ¼ 0.04) with only 33% of the LAM/FTC monotherapy group documented HBeAg-positive compared to 78 and 62% of the TDF monotherapy and combination therapy groups, respectively.
HBV characteristics
HBV genotype Assessment of HBV genotype was possible in 55 patients with detectable HBV DNA. Genotype A was the most common (80%) followed by genotype G (7%), genotype D (7%), mixed population (4%), and genotype F (2%).
Liver disease characteristics
The median baseline ALT in the cohort was 37 IU/l (IQR 26-55 IU/l) with a normal ALT (<40 IU/l) recorded in 54% of the cohort. Of the 21 patients with a liver biopsy at enrollment, only two (10%) had severe fibrosis (F3/4 on the Metavir scale), neither of whom had stage F4 or cirrhosis, with the majority, 15/21 (71%) having F0/1. Similarly the majority (76%) had mild METAVIR inflammatory scores of A0 or A1. Fibrosis scores as calculated using either APRI or FIB4 similarly identified only 9% of the cohort with significant fibrosis and 52% with no or mild fibrosis.
Discussion
In this cross-sectional study of 122 HIV/HBV coinfected patients with prior LAM exposure, we demonstrate that individuals receiving combination HBV therapy within HAART, comprising TDF with either FTC or LAM, were significantly more likely to have undetectable HBV DNA than those receiving monotherapy with either TDF or FTC/LAM. Furthermore, those on combination therapy were significantly less likely to have high levels of HBV DNA (>20 000 IU/ml), compared to those in the FTC/LAM and TDF monotherapy groups. This advantage of TDF/FTC or LAM combination remained evident in a multivariate analysis adjusting for other factors associated with HBV DNA levels. Additionally, since the median duration of TDF was similar in the TDF monotherapy and the combination therapy group, we do not believe that difference in duration of TDF can explain these findings. These data suggest that, particularly in patients with prior LAM therapy, there may be an advantage to using TDF in combination with LAM/FTC.
These findings raise several interesting hypotheses that may explain our observations. First, combination therapy for HBV may simply be more potent than monotherapy, as has been clearly demonstrated for HIV therapy. However, although clinical trial data indicate that TDF/ LAM combination is superior to LAM alone in this setting [20] , we are not aware of any evidence suggesting that TDF monotherapy is less potent than TDF/LAM combination [21] . In the randomized clinical trial TICO, conducted amongst antiretroviral-naive patients in Thailand, no benefit for TDF/LAM combination was observed over TDF monotherapy [21] . Importantly, 85% of patients in TICO were genotype C and thus it is possible that this trial did not show an advantage due to the different distribution in HBV genotypes in Thailand. It is also the case that 90% of the patients in our study were LAM-experienced, not antiretroviral naive, and are therefore likely to have had LAM-resistant mutations prior to starting TDF, thus representing a different patient population. Data in treatment-experienced patients come from a multicenter-matched pair analysis from Europe [12] . This European study reported reductions in HBV viraemia and serological change to be similar in TDF monotherapy (prescribed in the setting of LAM resistance), to those in combination TDF and LAM (prescribed in antiretroviral-naïve patients). Although this study found no difference in efficacy of TDF against HBV between treatment-experienced and treatment-naïve individuals, it was unable to examine whether there is an advantage to continuing LAM with TDF in the setting of LAM-resistant HBV. This is an important issue since an alternative hypothesis to our observation is that having the M204V mutation may actually hypersensitize HBV to TDF. This is a well described phenomenon in HIV therapy with the identical mutation, M184V, hypersensitizing HIV to TDF [22, 23] . Thus, it is plausible that HBV hypersensitivity could occur with TDF. To date, however, the only in-vitro testing that has correlated TDF susceptibility with resistance mutations suggested that the rtA194T mutation in conjunction with LAM resistance mutations (rtM204V and rtL180M) may actually reduce TDF susceptibility [24] .
There are no clinical data on whether LAM requires continuation once TDF is commenced in the presence of LAM resistance. In the setting of HBV monoinfection, adefovir dipivoxil resistance is considerably lower when LAM is continued compared to switching to adefovir dipivoxil monotherapy [25] . Although TDF is a far more potent drug than adefovir dipivoxil, our data suggest that there may indeed be an advantage to combination therapy with FTC/LAM in this setting. It should be noted, however, that this finding is based on a cross-sectional analysis performed when patients were first recruited into the cohort and further prospective study is warranted to determine if combination TDF/FTC or LAM therapy continues to have a longer-term advantage in terms of HBV DNA suppression.
The liver biopsy data in this cohort are encouraging as the majority of those who were biopsied did not have evidence of severe liver disease. Only 20% of the participants were biopsied, but the patients who were excluded from biopsy in the MACS cohort were those with both normal ALT/AST and undetectable HBV DNA; thus biopsies were biased toward detecting significant liver disease. These mild liver biopsy findings were surprising since it is well documented that HIV coinfection increases liver disease progression [1, 4] , so it is plausible that anti-HBV active HAART has improved the liver disease of this cohort. These data are consistent with findings from a Spanish study examining liver disease using transient elastography which found minimal or no fibrosis in 57% of 38 extensively treated HIV/HBV coinfected patients [26] . Alternatively, it is also conceivable that there is a survivor bias so that those who survived long enough to be included in this study have milder liver disease. The agreement between the biopsy findings and those of the noninvasive biochemical algorithms is interesting and requires further exploration and validation using longitudinal follow-up.
The fact that 10% of those on HAART were not on any HBV-active drugs was surprising. There are data to support that HBV treatment in HIV-infected patients has been suboptimal [27] , and these data would reinforce that hypothesis as well. Further support for this is that 22% of patients on HAART containing HBV-active drugs had significant HBV viraemia (>3.4 log 10 IU/ml) indicating inadequate HBV control, and 12% had levels of HBV more than 5.4 log 10 IU/ml. Thus, increased awareness of HBV disease in the HIV-infected population is needed.
The major limitation of this study is its cross-sectional design. Since all patients were evaluated only at the baseline visit for this study, HAART status was assessed at a single timepoint and HBVand HIV characteristics prior to HAART initiation were not uniformly ascertained. The pretreatment baseline values and treatment-induced changes in variables prior to cohort entry were not universally available, thus placing limitations on the level of certainty with which our conclusions can be drawn.
For example, many of these patients were on LAM as HBV monotherapy prior to study entry, and we were not able to determine mutations existing prior to HAART initiation or at the time of TDF addition/substitution. Thus, we cannot determine if the mutations we found emerged on the current therapy or on prior therapy. We are also not aware of considerations that were taken into account by the provider when the study entry HAART regimen was chosen. Lastly, since we did not find any TDF-resistance mutations, this study does not address whether combination therapy delays the emergence of TDF resistance. Follow-up of this cohort will be needed to determine factors associated with the development of TDF resistance.
In summary, in this large HIV/HBV coinfected cohort on HAART, one-quarter of patients had HBV DNA levels more than 20 000 IU/ml underscoring the need to consider HBV when choosing anti-HIV regimens. Furthermore, the combination of TDF and FTC or LAM was associated with a higher rate of undetectable HBV DNA levels compared to monotherapy with either LAM/FTC or TDF.
Further work is needed to determine whether this combination appears favorable because of its increased potency or because maintaining certain resistance mutations leads to hypersensitivity to TDF. Regardless of the mechanism, these data support using TDF with LAM or FTC especially in patients with prior LAM experience.
